Introduction
Soybean protein as isolate or concentrate have been employed in various food products for centuries as food ingredients due mainly to its unique physico-chemical and functional properties that paralleled many other plant proteins for versatility [1, 2] . Since its introduction to the western world at the beginning of the twentieth century, soybean went through a dramatic phase of cultivation and use from the traditional soy-foods in the Orient to varieties of value-added soy-foods, textured foods and protein ingredients in the west, with wide range of acceptability [3] . As a result, soybean isolate have been employed as reference materials in the evaluation of newly contemplated plant proteins that are to be used as food ingredient or in similar applications [4] . However, despite all these, the crop suffers acceptability because of its unfamiliar taste and flavour with only a small portion being processed into human foods (the oil) and most (defatted meal) goes to animal feeds. Recent interests in leguminous proteins as new sources of protein in foods have brought to light the potentials of many legumes that were hitherto underutilized. Thus, many non-conventional leguminous proteins either as isolate or concentrates have been investigated for proven functional properties in foods. For example, legume proteins obtained from kidney bean [5, 6] , Indian black gram [7] buckwheat (Fagopyrum esculentum Moench) seeds [8] , Abstract The physicochemical (colour, bulk density, thermal properties, molecular sizes), functional (water and oil absorption, solubility, emulsifying and gelation properties) and secondary structural properties of winged bean isolate (W-ISO) were studied and compared with those of soybean isolate(S-ISO) as reference. Results showed that W-ISO and S-ISO had extraction rates of 32.23 and 37.52 g/100 g, respectively, with corresponding protein content of 81.68 and 85.69% (dry weight basis). W-ISO and S-ISO had denaturation temperature and enthalpy of 105.53 & 111.61 °C, and 3.77 & 3.30 J g-1, respectively. Both isolates showed comparable functional properties, but W-ISO had higher foaming and oil absorption properties whereas S-ISO had higher water absorption and surface hydrophobicity. FTIR spectroscopy showed that W-ISO is composed of 15.38% α-helices, 37.46% β-sheets, 31 .67% turns and 15.38% disordered secondary structures whereas S-ISO had 15.46% α-helices, 46 .15% β-sheets, 30 .78% turns and 7.69% unordered components. In addition to being a potential food ingredient comparable to soybean water melon seed [9] , hemp seed [10] , chickpea [11] and bambaranut [12] , have been reported for functional properties. Soybean isolate in particular has enjoyed use in a wide variety of foods as ingredients due to its peculiar functional properties in food systems [1, 4] .
Winged bean (Psophocarpus tetragonolobus DC.) is a non-common legume crop that is similar to soybean in lipids and proteins content, but with added advantage of nutritious young leaves, flowers, young pods and edible tubers [13, 14] . It is characterized by tuberous roots and winged pods that offer additional proteins but suffer underutilization. Protein extraction rates of 91.08 and 87.7% using distilled water and 2% NaCl, respectively, have been reported from the winged bean seeds with molecular weights range between 51 and 12 kDa [15, 16] . Winged bean and soybean are composed of 6.5 & 2.5 and 7 & 11 S main storage proteins, respectively, separated using Sepharose 6B column chromatography [17] [18] [19] . Though winged bean seed contains many antinutritional factors, a combination of two or three of soaking, boiling, alkali-treatment and hydrothermal treatment significantly lower their contents to safe levels [15, [20] [21] [22] .
In many East Asian countries such as Malaysia, Sri Lanka and parts of India and China, the dry seeds are made into a fermented food whereas the immature pods are prepared and eaten as specialty vegetables [13] . An insight into the physicochemical and functional properties of winged bean seeds could provide an understanding on how to employ the crop as soybean substitute since the two shared similar chemical composition. Soy proteins, especially the isolate, has been used extension in food applications [23] [24] [25] , and has thus been used as reference to evaluate new protein ingredients [26] [27] [28] [29] . Most previous studies on the winged bean proteins centered on extraction conditions for the isolate and concentrate [17, 30] , their molecular and antinutritional properties [16, 17, 31] and functional properties [31] [32] [33] . Specifically, the antinutritional contents have been extensively studied [31] [32] [33] [34] [35] [36] [37] [38] [39] . Information on the physico-chemical (colour, bulk density, thermal properties) and structural (α-, β-turns and unordered secondary structures) properties of winged bean isolate that could enable proper understanding for process design and optimization is scanty. Because the composition, thermal, structure and conformation of proteins greatly influences their functional properties in food systems [25, [40] [41] [42] , systematic elucidation of these properties regarding winged bean isolate is essential for a better understanding of the protein before it can be employed as food ingredient.
In the present study, winged bean isolate was extracted by isoelectric precipitation along with soybean isolate and compared for their physico-chemical, structural and functional properties to provide information for possible application of the winged bean isolate as food ingredient.
Materials and methods

Materials
Winged bean (AKIN-0199, dark-brown, used for the study) and soybean seeds were obtained from the Malaysia Agricultural Research and Development Institute, MARDI, and Giant hypermarket, both in Serdang, Malaysia. The winged bean (AKIN-0199, dark-brown color) was earlier obtained from Indonesia by Malaysian Agricultural Research and Development Institute, MARDI, and developed as breeder seed at University of Southampton, UK. Field multiplication was carried out at MARDI in 1984/1985, and the AKIN-0199 was selected (among other accessions) for commercial production in Malaysia based on its agronomic properties (Mohammed Selamat B. Madom PhD, former Director, MARDI, pers. Comm., 7 May, 2014). Soybean seeds were purchased from local supermarket in Serdang, Malaysia. Analytical grade solvents were purchased from Fisher (Fisher Scientific, Pittsburgh, U.S.A.); 1-anilino-8-naphthalene sulfonate (ANS) was purchased from Sigma (Sigma Chemical Co. St. Louis, Mo., U.S.A). Sodium hydroxide, sodium chloride and all other reagents were of analytical grade purchased from Fisher Scientific or Sigma Aldrich.
Methods
Physicochemical properties
Extraction of protein isolates. Winged bean and soybean seeds were manually dehulled and ground using variable speed rotor mill (Pulveristte-14, Fritsch, GmbH, Germany) then passed through 500 µm test Sieve (ASTM Grade) mounted onto an electromagnetic sieve shaker (Analysette 3, Fritsch, Germany) to yield 0.5 mm particle size. Flours were defatted by placing 100 g batches of flour in 500 mL Schott bottle containing 300 mL n-hexane, shaken for 2 h at 150 rpm in a water bath (Julabo, SW 22, Labortechnik, GmbH, Eisenbohnstrabe, Germany) at 30 °C. The defatted flour was further dried to remove remaining fat and stored in sealed plastic bags below 4 °C. Isolates of both seeds were extracted using 0.1 M NaCl solution (at pH 9) for 2 h on a magnetic stirrer (Cimarec™ Digital Stirring Hotplates, Thermo Scientific, Germany) at 24 °C and centrifuged (Multifuge-3L, Thermo Electric Corp. Germany) at 5000 Xg for 20 min in 500 mL round tubes. After centrifugation, winged bean and soybean isolates were precipitated at pH 4.2 and 4.5, respectively (earlier determined using a spectrophotometer). Extractions were carried two more times, the pooled supernatants centrifuged and the pellets re-solubilized with distilled water, neutralized and lyophilized at −40 °C then stored sealed in aluminium foil-lined plastic bags below 4 °C until used. Protein contents of lyophilized isolate were determined and expressed as percentage protein relative to the total protein in the raw seeds.
Isoelectric-points precipitation of the seeds proteins. To determine the isoelectric points, 5 mL of each extracted protein supernatant was diluted to concentrations within range for absorption (at 320 nm) and the pH values adjusted in increment of 0.5 using 0.5 M NaOH or HCl to obtain pH range between 2.0 and 11.0. The turbidity of each concentration was then read with a spectrophotometer (Perkin Elmer, Lambda-25, Shelton, USA). The pH value that gave the maximum turbidity (at 320 nm) was taken as the isoelectric point of that protein and was used for subsequent extraction and analyses.
Bulk density of the proteins isolates. Bulk-density was determined by filling a previously weighted (W 1 ) graduated glass tube with protein samples and tapped gently to 10 mL mark until no further diminution of the particles [7] . The tube (containing the flour) was weighed again (W 2 ) and from the difference in weight (W 2 -W 1 ), the bulk density of the protein isolates was calculated and expressed as grams per centimetre cube (g/cm 3 ) assuming 1mm = 1 cm 3 . Colour. Uniformly sized (0.5 mm) isolate flour contained in a transparent glass cuvette was placed in a colorimeter (Ultra Scan Pro 1092, USA) previously standardized with black and white tiles and equipped with a tri-stimulus software (EasyMatch QC), as described earlier [43] . The color coordinate L* (0 to 100) scale denotes dark (0-50) to bright (50-100); a* denote redness (+) to greenness (−); and b* denote yellowness (+) to blueness (−). Determinations were carried out three times and results reported as means and standard deviations. Total colour difference was calculated as follows:
Determination of the protein content of the isolates. Protein content of the isolates was determined using an automatic Kjeldahl unit (Foss Tecator, Hoganas, Sweden) according to standard method (976.05) of the AOAC [44] and expressed (N x 6.25) as mg/g protein. Based on the weight and protein content of the isolate obtained, yield was calculated as follows: yield (g/100 g) = weight of isolate x % protein of isolate x 100/weight of seed flour x Х % protein of seed flour [45] .
SDS-polyacrylamide gel electrophoresis of protein isolates. Estimated molecular weights of the isolates were determined using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) according to Laemmli (Laemmli, 1970) . Mini Precast Gel slab 10 wells (4% stacking gel, 12% separating gel) SDS-Tris-Glycine discontinuous buffer system was use. Protein solutions (20 μg protein/μL) were prepared in non-reducing buffer solutions (62.5 mM Tris-HCl pH 6.8, 10% SDS, 10% glycerol,
0.05% bromophenol blue) and heated at 95 °C for 50 s. Fifteen microliters of the sample was loaded onto the gel and run at 180 volts and 45 mA per gel for approximately 50 min. Gels were stained with BioSafe-250 Coomassie (Bio-Rad Laboratories, Hercules, USA), de-stained repeatedly in deionized with shaking at 100 rpm for 1 h and the estimated molecular weights obtained with reference to a broad range (10-260kDa) molecular weight marker consisting of 12 proteins (Fermentas, Thermo Scientific).
Determination of the thermal properties of the protein isolates. The thermal properties of the proteins were determined using a DSC (Mettler-Toledo, Model 823e, GmbH, Germany). Protein samples (~ 25 mg) in 0.01 M phosphate buffer (pH 7.0) were placed in 40 µL aluminium pans (ME-26,763) previously equilibrated to 24 °C and scanned from 25 to 180 °C at 10 °C min − 1 . The transition temperatures and enthalpy of denaturation were computed automatically. Determinations were conducted in triplicates and results expressed as means and standard deviation.
Functional properties of the protein isolates
Solubility profile of the protein isolate was determined as a function of pH range 2-10 using the method described by Were et al. [46] wherein a 0.5% protein suspension was prepared and the pH adjusted to obtain suspensions with pH 2-10 using 0.5 M HCl or NaOH, stirred for 30 min and rested. The suspensions were centrifuged at 12,000 x g (Hermle, Z 200 A, Labortechnik, GmBH, Germany) for 20 min, filtered and the supernatant analyzed for protein content following Bradford [47] method with BSA as standard. Foaming properties were determined as detailed by Coffmann, Garcia [48] . Protein dispersion (1%) was homogenized at 10,000 rpm (Silent Crusher, M-Heidolph, Schwabach, Germany) for 2 min and observed for stability (up to 60 min). Minimum gelation concentration was determined following O'Kane et al. [49] method by heating protein suspensions (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) in in 50 mL test tubes at 95 °C, chilled for 24 h and inverted to observe flow characteristics. Water absorption (WAC) and oil absorption (OAC) capacities were determined using Beuchat [50] method. Protein suspension (1 g 10 mL − 1 ) distilled water or soy oil (Daisy, Lam Soon, Malaysia) were stirred on a magnetic stirrer for 30 min, rested for 1 h and centrifuged (Hermle, Z 200 A, Labortechnik, GmBH, Germany) at 10,000 x g for 5 min. The volume of supernatant was noted and result expressed as WAC or OAC. Emulsifying properties were determined following method described by Neto et al. [51] in which 5 mL protein (1%) was homogenized at 10,000 rpm for 30 s together with 5 mL soy oil, allowed 30 min rest, centrifuged at 1,000 for 5 min then measure the height of emulsified layer (mL) relative to the total height. The emulsions were heated at 80 °C for 30 min, observed for stability and the result reported as emulsion stability (ES) index.
Determination of surface hydrophobicity of the protein isolates
Surface hydrophobicity was determined following original method of Hayakawa & Nakai [52] and modified by Ju et al. [53] . Proteins were dispersed in 0.01 M phosphate buffer (pH 7.0) to form solutions (1%) and then diluted sequentially to 0.02, 0.01, 0.005, 0.0025 and 0.00125% concentrations. An aliquot (5 ml) of 8mM of 8-Anilinonaphthalene-1-sulfonic acid (ANS) solution was added to 1 mL of the protein solution and the mixture incubated in the dark for 5 min and the fluorescence intensity of the protein-ANS complex was measured with spectrophotometer at excitation and emission wavelengths of 300 and 470 nm, respectively. The index of protein hydrophobicity was obtained as the slope of the protein-ANS conjugate fluorescence intensity versus protein concentration (%) calculated by linear regression.
FT-IR spectroscopy and protein secondary structure
Spectral acquisition of absorption bands. The spectral data of the isolates were acquired using FT-IR spectrophotometer (Model SPECTRUM-100, Perkin Elmer) fitted with universal attenuated total reflectance (UATR) sampling accessory cell. Spectra were obtained within the mid-IR range (ca. 4000 − 400 cm −1 ) at a resolution of 2 cm − 1 with 32 scans and background absorption corrected by subtraction of the empty ATR crystal spectrum. A germanium crystal lined with parafilm was used and cleaned between runs using deionized water and 50% ethanol solution in sequence for 5 min. The spectral data were processed by baseline correction and the peak label normalized within the amide I region. Analysis of the spectra covered the wavenumber from 800 to 4000 cm − 1 where significant absorption lie with focus on the representative amide I region. Water vapour subtraction was carried out purposively in the region 1800 − 1400 cm − 1 and straight baseline obtained.
Second derivative function, spectral deconvolution and curve-fitting. The raw FT-IR spectra generated were analysed using GRAMS AI Suite (Thermo Scientific). The amide I region was isolated by truncating the 1700 − 1600 cm − 1 absorption band followed by subtraction of the linear baseline to zero the ends of the spectrum. Second derivative function was obtained with Savitzky-Golay derivative function at 17 smoothing points of the original spectra. Fourier self deconvolution (FSD) was carried on the second derivative function of the amide I region (1600-1700 cm − 1 ) followed by curve-fitting to yield detailed information on the secondary structures of the protein fractions. The proportion of each secondary structure was obtained from the representative curve-fitted mini-bands and expressed as percentages.
Statistical analysis
All experiments were performed in triplicate and statistical analysis of data performed using Minitab software (V.16 USA) by one-way analysis of variance (ANOVA). Multiple comparisons of means were carried out using Tukey's HSD procedure at 5% level of significance and results presented as mean ± SD of three determinations. Linear regression was performed for the relationship between fluorescence intensity and protein concentration after obtaining the line of best fit.
Results and discussion
Physicochemical properties
Extraction rates and protein contents of the isolates
The average protein content (N x 6.25) of the raw winged bean and soybean seeds were 38.31 and 42.11%, respectively, raising to 51.80 and 56.25% in the defatted meal.
As shown in Table 1 , the extraction rates for the winged bean isolate (W-ISO) and soybean isolate (S-ISO) were 32.23 and 37.52%, with corresponding protein content of 81.68 and 85.69, respectively. Consequently, the yield of the S-ISO was significantly (P < 0.05) higher than that of the WB-ISO. Notably, because their isoelectric points (pI) were different ( Fig. 1 ), the extraction rates were proportionately different attributed to differences in the contents of hydrophilic and hydrophobic amino acids. Extraction rates of 90 and 80% for winged bean isolate extracted at pH 10 and pH 12, respectively, have been reported [31] , however, the functional properties of proteins extracted at higher pH may be impaired. Shevkani et al. [54] [55] [56] [57] . The pH, temperature, extraction equipment and duration of extraction could be responsible for observed differences in the extraction rates. Differences in the extraction rates of protein isolates from two chickpea varieties based on pI have been reported by Withana-Gamage et al. [11] .
Colour and bulk density
The color characteristics of the proteins showed W-ISO and S-ISO varied significantly (P < 0.05). As presented in Table 1 The color coordinate L* (0 to 100) scale = from dark (0-50) to bright (50-100); a*= redness (+) to greenness (-); and b*= yellowness (+) to blueness (-); ∆E = Total colour difference. Values are means ± SD of triplicate determinations. For each component means were compared between winged bean and soybean proteins using Tukey's HSD at 5%. The turbidity of the protein solutions at pH values between 1 and 11 was scanned at 320 nm with UV spectrophotometer and the solution concentration that gave the highest absorption was taken as the pI of that proteins with high ash content [57] . The bulk density showed that W-ISO had 0.71 g/cm 3 compared to S-ISO with 0.51 g/ cm 3 , an indication that W-ISO was denser than S-ISO. The data presented here were similar to values of 0.17-0.21 g/ mL reported [7] and the range of 0.15-0.22 g/mL reported by [43] .
Molecular sizes of the protein fractions
The molecular weights (MW) of W-ISO and S-ISO obtained under non-reducing SDS-PAGE conditions showed that W-ISO had two major peptide bands of approximately 80 and 50 kDa along with many minor bands. The minor bands comprised of both high (~ 140 kDa) and low (~ 38 kDa) molecular weight peptides (Fig. 2) . In S-ISO, approximately three major peptides with MW of ~ 110, 80 and 45 kDa were observed, plus strings of minor bands in both the high and low molecular weights regions indicating presence of 7 S vicilin-type polypeptide (43 and 45 kDa) in the proteins [58] . Both isolates showed band of ~ 40 kDa indicating the presence of 7 S β-conglycinin chain. Mundi, Aluko [5] reported that kidney bean albumin consisted of a minor polypeptide with MW 27 kDa and 2 major polypeptides (7 S vicilin) with MW ~ 43 and 45 kDa, whereas the globulin had 3 minor bands with MW (< 25 kDa).
Thermal properties
The thermograms of the W-ISO and S-ISO obtained showed single peak detected for both proteins, indicating uniform denaturation regime (Fig. 1 Table 2 . Thus high levels of the acidic amino acids Asp (116.90 mg/g) and Glu (196.07 mg/g) in W-ISO probably conferred on the W-ISO more thermodynamic stability than the S-ISO that had Asp (71.22 mg/g) and Glu (151.99 mg/g) [59] . These T d however were relatively lower than reported for Bitter melon seed globulin (117.3 °C) and glutelin (133.6 °C) [45] , but higher than for chickpea pea isolate that ranged from 89.0 to 92.0 °C [60] pumpkin seed globulin (96.6 °C) and glutelin (93.4 °C) [61] . The enthalpies (ΔH) were also much lower than reported for Bitter melon albumin (9.2 Jg − 1 ) and globulin (27.6 Jg − 1 ), but closely match that of Bitter melon seed glutelin (1.9 Jg − 1 ) proteins at P-value < 0.01 [45] and that of chickpea isolate (range 2.4 to 4.0 Jg − 1 ) reported by [60] .
Functional properties pH dependent solubility
The protein solubility profile as shown in Fig. 3 indicate solubilization up to 90% at the pH extremes. For the W-ISO, highest solubility of 90% at pH 11 and minimum solubility of about 27% at pH around 4 were observed. Similarly, S-ISO had maximum and minimum solubilities of 96 and 25% at pH 11 and 4, respectively. For both isolates, solubility was minimal at or around their pI. Generally, solubility increased on either side of the pI for both isolates assuming a V-shaped curve with the lowest points around the pI values, as reported earlier for the solubility (90%) of soy isolate, but higher than that of bitter melon seed protein isolate (65%) at pH 9 [4] . The high solubility of the isolates at the acidic pH range may also be due to its high isoelectric point and is similar to data reported for buckwheat albumins Differences could be due to their contents of hydrophobic amino acids where S-ISO had higher surface hydrophobicity (234.79) than W-ISO (252.440), and may also be due to varying charge on the proteins [6, 54] . Lawal et al. [62] reported minimum solubility (56.7%) of African locust bean albumin and globulin at pH 5 and 4 respectively. The solubility of protein over a broad pH is a desirable property in the manufacture of protein beverages (as supplemental Fig. 2 Representative SDS-polyacrylamide gel electrophoresis of winged bean and soybean protein isolates under nonreducing conditions. W-ISO and S-ISO determined using SDS-PAGE under nonreducing conditions using Bio-Rad Precast Gel with 4 and 10% stacking and running gels, respectively. Key: a = molecular weight marker (standard); b = W-ISO; c = S-ISO nutrition), yoghurt and salad dressings [63] . Thus, the solubility of the proteins at the low pH indicates that they could have promising applications in food juices.
Foaming properties
As shown in Fig. 3 , W-ISO showed higher foaming capacity of 42.68 mL than S-ISO with 36.67 mL at 0 to 30 min. Upon further storage, the W-ISO foams lost about 20.33% (8.68 mL) after 60 min, whereas S-ISO remained sparingly stable through storage time with a loss of 11.83% (4.34 mL) of its initial dispersion. This indicates that though W-ISO had higher foaming capacity, S-ISO foam was more stable. In their study, Okezie and Bello [31] recorded foaming capacity of 82 and 84% (as foam volume increase) and foaming stability of 83 and 58 mL (after 60 min) for winged bean and soybean isolates, respectively, indicating better foaming properties for the winged bean isolate. Foaming capacity and foam stability ranges from 58.6 to 60.2 mL and 63.7 to 64.4 min for cowpea isolate and from 31.9 to 33.0 mL and 43.4 to 45.0 min for soybean isolate, respectively, have also been reported [64] . Any observed differences in the reported values could be attributed to varietal differences and they still fall within The ability of proteins to form stable foam is a desirable property in the manufacture of cakes, whipped desserts and ice cream [63] . W-ISO therefore could yield large foams than S-ISO with enhanced products volume and texture when employed for its foaming property.
Gelation properties
The minimum gelation capacity (MGC) of the proteins as shown in Table 2 indicated both W-ISO and S-ISO did not form gel at ≤ 10% protein, but at 14% they gel, the viscosity and firmness of which increased with % protein. Observed visually, S-ISO formed very firm gel when the tube was inverted and thus showed better gelation properties (≥ 12%) i.e. low protein concentration is required for form gel. The MGC data of both protein isolates (12%) closely match the MGC of chickpea isolate (10 to 14%) earlier reported [60] , and MGC of 18 and 14% for winged bean and soybean isolate, respectively [31] , indicating that both isolates have good gelation properties (i.e. form gels at low concentration). Much higher MGC (16%) have been reported for ) processed using GRAM/A1 software (Thermo Scientific). Fourier self-deconvoluted (FSD) curve-fitted spectra (Gaussian-Lorentzian) of winged bean and soybean protein isolates and the second derivative functions (top curve). Representative The curve-fitted spectra of winged bean and soybean isolates processed by Fourier self deconvolution and band narrowing techniques within the region 1600-1700 cm −1 . The amide I absorption region (1600-1700 cm −1 ) was first truncated and the second derivative function of the region obtained using GRAM/1 software. The wavelength region was then Fourier self-deconvoluted with Savitzky-Golay derivative function at 17 smoothing points of the original spectra and curve-fitted to disband and expose overlapped band features determining the protein content of the supernatant using BSA as standard. Foaming properties: proteins dispersions were whipped at 10,000 rpm for 2 min in a homogenizer and the final volume (V2) after whipping from the initial volume (V1) before whipping gave the foaming capacity (FC), whereas the loss in volume (mL) after various storage times (min) gave the stability (FS) kidney bean albumin [5] indicating poor MGC compared to the present study. MGC of 12 and 10% for cowpea and soybean isolates heated at 70 °C for 40 and 30 min, respectively, have also been reported [64] . Low gelling property (i.e. high MGC) of proteins correlates with low exposed hydrophobic residues as observed in buckwheat albumin [8] .
Water and oil absorption capacities
The ability of food to imbibe water is essential as it translates to product yield and desirable for applications in sausages, comminuted and pumped meats [63] . The water absorption capacity (WAC) and oil absorption capacity (OAC) as presented in Table 2 showed that W-ISO and S-ISO had WAC of 2.80 and 2.32 g/mL, and OAC of 3.93 and 2.81 g/mL, respectively with significant (P < 0.05) difference in the latter. Earlier, Okezie, Bello [31] reported water absorption values of 5.00 and 4.10 g/g, and oil absorption values of 9.65 and 4.88 g/g for winged bean and soybean isolates, respectively. The higher values reported by the authors compared to the present study might be due to the extraction conditions employed (pH l0 for 90 min at 30 °C) compared to our study (pH 9 24 °C). Thus, it is possible that the winged bean and soybean protein isolates studied by Okezie and Bello [31] dissociated under the slightly higher temperature and pH conditions making the resulting subunits to have more water binding sites than the oligomeric proteins [32] . This could be the reason for the reported higher values than observed in the present study, though the patterns of increase were the same in both cases. Further, the range of WAC reported here (2.32-2.80 mL/g) was similar to the values of 1.28-2.78 g/g reported for mung bean protein isolates by Li et al. [65] and values of 2.34 and 4.31 g/g reported for chickpea protein isolates [60] . The range was however lower than the WAC of 5.5 to 6.7 g/g (assuming 1g = 1mL) reported for Bambaranut protein isolates [12] .
Emulsifying capacity and stability of the protein isolates
W-ISO and S-ISO showed emulsifying capacity (EC) of 5.50 and 5.60 mL, respectively, and corresponding emulsifying stability (ES) of 6.26 and 6.53 mL that did not vary significant (P > 0.05), Table 2 . Though high surface hydrophobicity in S-ISO did not translate significantly (P > 0.05) into better emulsifying capacity than W-ISO due probably to changes in their conformations as they adsorb at the droplet interface because of the differing multiple effects of hydrophobic interactions, electrostatic repulsion and Van der Walls' forces [66] . Consequently, the slight increase in the emulsified layers (ES) resulted from increased adsorbing properties of the proteins at the oil-water interface that enhanced their EC as has been reported previously [67] . These values were lower than values of 12.90 and 8.00 mL/g for winged bean and soybean isolates reported by Okezie, Bello [31] but similar to 5.0 and 6.7 g/g for raw and heat-processed winged bean protein reported by Narayana, Narasinga Rao [32] . Heat treatment and pH extremes have been shown to increase the emulsifying capacities of protein because of greater protein-protein intermolecular interactions at the interface attributed to unfolding of the secondary structures [68] . These EC and ES data were also lower than those of sesame isolate (16.8 m 2 /g and 17.4 min, respectively) and kidney bean protein isolate (23.7 m 2 /g and 30.9 min, respectively) reported as emulsifying activity index, EAI, and emulsifying stability index, ESI, reported by Achouri et al. [18] and Wani et al. [43] , respectively. The use of proteins as surface active biopolymer has advantage over classical emulsifiers or stabilizers because of dual roles of amino acids provision, capacity to lower the surface tension at the oil-water interface and sparingly, as stabilizers to slow down droplets movement preventing creaming and coalescence [66] . Protein content, molecular weight and flexibility and configuration of proteins has been shown to play a vital roles in protein's emulsifying ability through structural rearrangement of adsorbed proteins at the interface [69] [70] [71] [72] . Thus, the data indicated that W-ISO have potentials like S-ISO for enhancing the kinetic stability of food emulsions such as such as salad creams, mayonnaise, and sausages where the oil phase separation could lead to product deterioration.
Surface hydrophobicity
Surface-hydrophobicity (SH) and surface-charge are important protein properties which influence their emulsifying and foaming properties [73] . The surface hydrophobicities (SH) of the W-ISO and S-ISO, 234.79 and 252.44, respectively were significantly (P-value < 0.05) different in favour of S-ISO ( Table 2 ), indicating that the S-ISO had more unfolding than W-ISO. Probably because the S-ISO was more flexible than the W-ISO and responded/bind faster to the effect of the ANS fluorescent probe, giving higher SH value. SH of kidney bean (269) and field bean (563) isolates [71] , and lentil protein isolate (392.1) [74] , had been reported. In a related study, Ran et al. [75] reported SH value between 650.34 and 793.45 for different soy protein isolates. Much higher SH values have been reported for cowpea isolate (range 390 to 570), soybeans isolate (range 640 to 643) [64] , and for bitter melon and soy protein isolates, 690 and 399, respectively [4] . These SHs were also lower than the SH values of bitter melon seed albumin, globulin and glutelin
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having values of 757, 1,034 and 293, respectively [45] . High SH reflects the availability of hydrophobic patches/ groups on the proteins' surface, and this could impart low solubility but better gelation and emulsifying properties [71] . The high SH value of a protein have important implication in their water absorption, emulsifying and gelation properties because of the direct influence of exposed hydrophobic amino acids on them. Thus the low levels of hydrophobic cysteine and methionine could lower the SH of the both isolates [59] .
Proteins' structural properties
Peak assignments of deconvolved amide I band W-ISO had amide I absorption at two wavenumbers, 1651 and 1659 cm − 1 that indicated α-helix absorption forming about 15.38% of the structural components. Bands absorptions at 1621 and 1632 cm − 1 were due to anti parallel β-sheet, whereas amide I band absorption at 1674, 1683 and 1693 cm − 1 were due to parallel β-pleated sheet [76] , together constituted 37.46% of the W-ISO secondary structure. The β-turns absorption region (1672-1694) showed four absorptions at 1659, 1669, 1674 and 1683 cm − 1 , yielding a total of 31.67% of the protein structure. Curve-fitting showed the α-helix had absorption at 1650 and 1654 cm − 1 forming about 15.46% of the S-ISO secondary structure, as shown in Fig. 4 . The β-sheets component, the sum of parallel-and anti-parallel β-sheets, had their absorption at 1619, 1633 cm − 1 , and at 1675, 1680 and 1688 cm − 1 , respectively, making up to 46.15% of the secondary structure of S-ISO ( Table 2 ). The β-turns component, which constituted about 30.78% of the secondary structure, absorbed at relatively higher frequency range (1653-1692 cm −1 ), with bands at 1665, 1675, 1680 and 1688 cm − 1 [77] . This also is not unusual with globular proteins partly because of their irregular nature as a given structural class [76, 77] . Similar secondary structures of 16.5% α-helix, 47.6% β-sheet and 35.9% turn, and 17.0% α-helix, 47.3% β-sheet and 35.8% turns, respectively, for 7 and 11 S fractions of soy globulins have been reported [78] . Chen et al. [79] similarly reported values of 11.6, 32.8, 44.3 and 11.3% of α-helix, β-sheet, β-turn and unordered secondary structures, respectively, for soy proteins, and the values 25.6-32.7% α-helices, 32.5-40.4% β-sheets, 13.8-18.9% turns and 16.3-19.2% disordered structures reported for chickpea (Cicer arietinum L.) [11] . Both legumes have high β-sheets content, and these could have nutritional implications in protein digestibility as reported earlier for plant protein high in β-sheets [80] .
Conclusion
Winged bean isolate have shown good physicochemical properties and comparable functional properties to soybean isolate, and can thus be employed as ingredients in many products where soybean isolate play roles, even as it surpassed soybean isolate in foaming properties. However, the influence of environmental factors (ionic strength, pH, etc.) that could affect the functional properties of the winged bean protein isolate in real food system needs to be studied for process optimization.
